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A nundber or tests were conduct 
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The publisned data on the behavior o1 riveted 
joints unver repeated loads 26 Gtill Wé@ry meapcr, cnc 
the method of testing joint> under reperted lovwis hes 
not veen ctanusrdized. A preliminury study of the 
ovaiLloble tests Showed thet the time interval reyuired 
to apply the maximum load te a test specimen iis not 
been considered important; t.:15 essumption miue vy 
other investigators has risen from fatigue test proce- 
dure in which the rete of loueding has been fount unime- 
sortent. PFatipue tects are usually run <«t rel..tively 
low stresses, below the yield strencth of the matcrial, 


and in such cases the rate of loadings cpperently does 


not Affect the strength of the joints In WLleetec Fog. 


local stréss conditions may be avove tne yield etrength 
of the material and the time interval required to apply 
the load becomes of great imvurtence, 

The purpose of this investigsetion was to a termine 


the effects of e@ rapidly avplied load upon the strength 


of & countersunk riveted joint, and to determine the life 


of such a joint under repested rapid losdings. Reeliz- 
ing that an cirereft freme cannot be subjected to true 
shock lords, but that it is subject to rapidly apolied 
locas with a finite rate of lowding, aon effort has been 


cde to test with rapid loading but not shock lo«ding. 
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She riveted test specinen established for tis 
study consisted of «= simple butt joint with a joint 
backolate one gauge thicker tl.en the sheet. Jhe 
rivet pattern consisted o2 siriple rows of tiree rivets 
pleced symmetrically on ezch wide of the joint. See 
ficure (1) for dimensions of a typical flush riveted 
SOeCCIMEN. 


Several types of test specimens were conslicred, 








7 
and the above type joint was selected for severzl 


reasons. Realizing that this study would contain a 
a 
large numoer of uncontrolled variables, such us work- 


manship and tolerances, it was felt a joint tuat woul 
assist in averaging the results would be adventcreous. 
Assuming that half of the wee permanent set of the 
joint is due to each half joint (i.e, the single lap 


bos 
joint) s certain averuging could be obtained. che use 












of three rivets in a single row in each half of the t 
joint and following through with the assumption that 
‘half the butt joint would be responsible for half of the 
permanent set of the joint, further averages the result- 
ing permanent set in that each rivet is assumed to defcerm 
the same as 411 other rivets in the joint, 

The selection of the single rows of three rivets was 
also influenced by the desire to correlzie results wi 
AslsAshey Airworthiness Project 12, (Ref. 3), who for the 
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most pert hi usec a Single row of three Pivete 12a 
joint. ‘The butt joint selection wes .18v folt to we 
nore representative of airecrs.t construction. 

All speciniens wre icenviiied by codec Tavn tumoers. 
The permanent aash number 16 civided into twe posts; 
tne first digit signifies the nottinal clemeter of the 
rivet in thirtyeseconds of an inch, and the remeining 
digits signify the thickness of the coun.eroulik sheet 
in thousgends of an inch. ‘The letter TDollowing tre cask 
denotes the manufacturer of the specimen end tre retelne 
ing digits represent the specimen number. Thus, 451-G¢6 
sicnifies a 4/22 or 1/8 inch rivet, countersunk in a 
Q.O051" sheet, menutactured by Cuggsenhneim Laborztorieg, 
Gelete, and the sixth such specimen furnished. 

Materials chocen for these speci.nens are as follow: 
(1) Sheet materiel is of 24S-T aluminum alloy. (2) Rivets 
are 100° flat head rivets of Al?7S-T aluminum clloy. 

Detailed drawings end the specifications vf the test 


Specimens ere snowrn in fies. 2 and 3, 
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Description of Vesting Machine. 
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(1) Repeetec 
(i) 
(3) 


(4) 
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A&A meel: nice 
but wes soon 


mpicaticn? of reacwiug tie 


repeating tre sare lowzin 


tion of the test 
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edentebility coule be ‘hore 
testing uechine. 


hydreulie 


rigure 5, wes then Cesirned 


nentSe 
hydreulie system of 


two individual parts. 


end in order of flow, (see Fig. 


puNp, pressure rerulctor valve, 


voir. This primary system 
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problems being inv 


munocer of cycles end 


“i@earcec when it was founc 


specimens, 


{6@ting Me échines, Bicken in te 


To eli&.rete the inertie of fluid 


the teetind 


L ite "pr is 


also contaeinen a 


cyistructea for tne terts to 
ard co-werivers of & BEL: t= 
beciticnmtions for the Testing 


aie @ i Bis 
ert ig-aved 


Load&e 
Rapid Loading (not shock loading). 


Veriuble loading. 


acvaotabdillitye 


tecting machine was first cohSidered 


that tie coue 


incrtig of Moving pervs, 


conaitions in spi'e oi deformeé- 


end obtaining some ccgree of 


casily overcome by uw uydcraulic 


to provice ing gRencrel require- 
AOVeEMeENt, TRE 
machine was ces 
ry system consisting of, 


6): a reservoir, strainer, 


anc return te the resere 


pressure relief 


ap, 








valve to tare over the pr@sgure comers Gn yea OF 


mulfunet .cning, of the pres#ulc regula dr Valve, & su) 


en “ccuauliio:r to stebilize@ dag pv >€5 


This prinery wyotet: hee ceri 






































puap aotor, ti:e suleRois, And tue Tiwi eee vor eae 
ecntrelled by cenearsCe swiiclé®, tihhich @llow © Piaieer 
of <ifserent type tests to be run. ee Fig. 7 ior 
electrical wiring Schematic. 

The general structuve of tne testing muchine re- 
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seavles a table with a lover shelf. The tydrazulic 
pudp aotor, gear reductor, hyvraulic pump, reservoir, 
accumuletor, satety valve, anc the strainer are 
positioned on tne lower shelf as shown in Tige 8. The 
top of the tedle supports the gages, electrically 
operated pilot valve, tining woior, breaker points, 
counter, pressure remuletor, and switches. A 5"*5" H 
beam sitursted et the rear of the table top provides — 


the strenveth member for the testing. To this beam 


is fastened the hydraulic cylinter. The rest of t) 





top of the machine is uvaileble for work space. All 
of the hydraulic lines cre pliced between the shelf 

aan 
the table top to seperute thea from the greeter part 


of tie eléctr’eal devices, 2 PUsition Which ww rese 





accessible. s 
This testing machine répidly applies a lo 
predetermined value end holds this lozid for 


onewhalf second. “The machine is capable of repez! 











1. rerts List for emting @eekone 













































3, Vime Intervel to Apply Mekigie Doom 


The tine interval to Giiply Bexisi toe Biase eee 
one arid oneehzlf inch cylin¢’cr uses wee cotuites with 
the electrcnic anperatus Slcws in Fig. 19 ard Fig. WU. 


‘wo Cl strain geuger were pleetec on oppor live 21008 
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of the specimen and cormected in Series to ¢liminete 


_ 
to 


the effects of bencint. JFL @etrein gauger ®ounheéc 
on the epeciien gre shown in wige 17. ‘The oatout cf 


the sir¢in gauges was emolificd by the pre-ampliiier 


ws 


end placed or: the Yeaxis of @ “unont 247 Oscilloscoee 
“ne pre-@mplifier heB a flat f.eeuency response oet®een 
seven cycles und twenty uC. & Hewlett-Packira vuscii- 
lator was used to suoply a five huncred cycle VEVE 


as @ time axis calibration. she Dumont Oscilloscope 





pulse to 
aa 


start the tréce, and an iriltia.or Wee contiructed to 
a 


has a provision for the use of an externrl 
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trigger the oseillo cone et the inatant the silct 


valve Wes encrwized. 


4 Cemere cttached to the o®cilloscone mene Yor 
the recoréing, of the traee obtiihed. Fike 11 tay ig 
inclusive shov. the results received from the app:rat 


Whe perks of the tine revcrence wave apverring in the 


figures ere 0.002 seconis apirt. Lhe gradusl red 
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in the vertic:1 height of the trace :fter the 1 







reecned the maximum velue is due to the decay 
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preeanzlifier. Tests conducted on the sz 
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e : 5 3 } a . 5 ° ”~ A weir - * P re 4. 4. 
losecpe show thet the loc remeins comstany a ter the 


mexican velue ha. been veached. The sme te ts i 
that the m xisum value of the loed wes thet inticeved 
by the pri.arry hycraulic system pressure (eg rhe 
primry pressure cege was e@lior: ted With che cp iene 
on the liiehle static te.ting mchine. ‘She celibretion 
curve is »lotvtec in Pig. 10. 

"he change in the time interval to anpply waximun 


loved et low and high leeds is not fully explain: dle, 


| pod 


but is believed t:!€ swecumulator Mey aTfect the sifferences 


we 


“he accumulstor is effective et the high loc¢cs and in- 
effective at the low lo “s. 

The primery regseon for obiuining the Lona ws. Ticks 
races wes to insure thit no violue of the loazc existed 
ebove the lozd incicated by the pritury hysreulie sydtem 
pressure cage, end to determine to some extent tne orter 
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of the time intervel ‘to obtain mexinua lore. The time 
interval to éepply tasxi-‘um load at a cn of 5OuU, develdde 
ea by the one &@n¢c one-hi.lf inch cylinwer is 0.038 sccomea. 
“he time intérvel to @epply meaxkiermm Tosé & &£ lok? Gs 

S85 ceveloped oy the one end one-half inch cylinder :s 
yveJLS seconds. Tnese two loads developea by the one and 
one-half inch cylinter fall above and below the systen 


pressure at which the aecumulctor becomes effective. 
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Turn pressure gage valve CN 
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Check oSerrtion of Sole@nsi® oleh ved 
pilot valve. 

Turn pressure cice velve ON (hendle 
horizontal). 

Turn pressure reéguletur waive: gil che 
Wiay counter-clocnwise. 

Turn CW hytraiwlic pwap motor. 

Turn ON pilot valve sywtitch. 

Turn pressure regulator valve clocin.ise 
until desired p.essure ie resistered, 
weerease lod to £ero. 

Turn OFF pilot velve switcn. 
Turn OFF hydraulie pump actor. 
Measure rivet joint length. 


Repeat G6 througit 12 for @&ch desi 


b. Test Dype--kapid Loading vs. Permanent Set. 
7 = 


Measure rivet joint length moun)ed in ma- 
chine. 

Check timing motor for closed 
NOFI tI On. : 


check operation cof solenoid 


pilot valve. 


izontal). 
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2urn pressure regulator 211 the vey 


cClocevise. 








“urn Of hyjdruulic Dawe Se7ore 














tising motor and _ilot valve aWitel 


Siva] | ameely. 


turn OFS puhp Mol sr. 
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fe vUnery of Tests Consucted. 
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Arter choosing the butt jolMmt sfecitaee con i eat eee 
as thovn in Mig. 1, the #uthom& wiacnbo to come 7S oa 
seatter of the teet points With a le» joiz€ abecimen 
as used by the Awlehecw (Rel. EB), the rivet spacing 
end generel dimensions of the joint@ being SimrtigYr in 
ell other respects. This test wis conjuctet on epeci- 
mens manutacturec by the Guggefineim Labvorator ys/ ay 
epolying repeeted rapid lomcings of 19¥0 per rivet. ne 
results of thie test ute shown in Blot 1, in @ibeh per] 
menent set per rivet if plotted a@dtinst cycles of lola 
eaoplied. Fron the result& opte@ined it wis ee 
that the butt tyne specimen reduced the test point scatter 
approximetely 0), anc substantiated the assumption of 
the averaging @bility of the butt joint. 

‘The next series of tests were conductec ty deterain 


tne effect of the tine intervél required to ap vly tTe 








; «ss — = = ° ae Ss 2 : : im " ag * 
load, With the testing mBchinc @ const@ucted, a. ae 


only vossible to avpoly two different time intervals 
mex'aua lo: . The slow time interval is obt: ned 
Aanvually operating the reguletor valve, ané tie t) 
interval to obtéin muxi am lowd is three seconds or 


—. 


“he repid tine intervel to maximum loéd is aecouplishec 





by use of the solenoid operated nilot valve, and 
tine intervel is 0.038 seconds or less. esting machine 


operating procedure for these tests is outlined in 
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. e re RA pt At a7 : ‘ alc “5 os 
IV-C2- speci aens of one rivet abemeter che tw Wea 
+ 0. . Te . neo apes ol UU NES WP 
thicen@eson, néwailecturec DOF ae (S22 CORRAL 0 1ur Cea ara 
3 TTR Cas + ome bs =" : oye oo. we : 7 + : "-— £3 y° 
tested. TWo or i0re speci&en fcr €£20n Cyc (eae ae 
rey B,, 


used to obtain evcruge values. “He Pesylis £F mes 


tests were »vlotted «3s lord per rivet vs. permMenent set 


t~- 


per rivet in Plots two, wuiree, and isurs Tadole il is 
a tebuler foru of the altin’ e values obteined from Lhese 
feets und ultihete valuce ws evecilfied by ANC-5 @nd the 
AeleAeA. Since ultim te values given oy inv-o aig tne 
Aslefiehs. Nave a meter sefew, Pactor of 1.15 Lacor Guia 
these values ws shown in 'Jabdle Il heve been cofrecteca Dy 
this amount. Table: II co™p:res the rupid loading ultimele 
with ANC-+5 and Ael.sA.!.. ultiate values corrected by the 
factor 1.15 as percentages of these vélucs. 

The effects of reveated rapid loedings on countersunk 
1/8" rivets in 0.040" sheet was studied in the finzcl olase 
of the investisction. The loud per rivet was sclected 
as 13925 Which correspenas to the A.IlsAsk. vyielt” toe 
for tiis rivet and sheet colmoim ition. The verting Becieas 
operating procecure for this te t is described in Bayt Giese 
“he results of the tests on 440-G-spnecinen sere shown in 
Plots five, six, seven, eliwht, and nine in whica the periia- 
nent set per rivet (e) is plotted against cycles sf load in). 
The results of tests on 440-5 specinens are siiiwn in Plots 
ten, cleven, twelve, anc thirteen in wruieh sernenent set 


per rivet (e) is plotted eseinst cycles of los (n). 
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strencth of riveted jcints is fependent upon the time 


interval revulrec to mewch the lomé geapog@s “Gyo Tae 


bre 
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joint. This retucticn in ultimete virgnktoe BES Be eee 


explanation in tetms of the smteblel Desevics, “nee 
be attributed to the aectio® of wee joint itegii. (ae 
tuggenhein Laboratory préw.€6 socel aenm; were not mane 


ufactured with the best fravricating vrovefhra and 
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